Abstract-In this issue we try to control the free vibration response of aluminum or iron or other substance cantilever beam with 2 Piezoelectric patches (Actuator & Sensor) attached on the top and bottom surfaces of the beam. On the other hand we also want to reduce the amplitude of the vibrating beam in a controlled manner. In order to achieve these tasks we model the smart structure by using the Euler-Bernoulli beam theory. The concept of finite element (FE) theory is used in this issue. In this method the beam is divided into several equal segments (for example in this paper the beam is divided into 4 equal part), which is also equal to the length of the actuator and sensor or not equal to them and Piezoelectric patches are attached to the second element. In this method the beam is divided into several equal segments (for example in this paper the beam is divided into 4 equal part), which is also equal to the length of the actuator and sensor or not equal to them and Piezoelectric patches are attached to the second element.
I. INTRODUCTION
From the technical point of view, recently most of the structures such as helicopter blades, space mirrors and wings of the aircrafts are consist of beams. Most of the time, undesirable vibrations result in poor functionality and inadequate performance of the system. In most of these applications, particularly in aerospace applications it is very vital for us to have the ability of damping these vibrations in a controlled manner, even for a short period of time. Due to this fact, the "Smart Structures" are introduced by the researchers. "Smart Structures" are consisted of host structure, smart material and the controlling system. Smart materials are able to act as sensor and actuator.
II. METHODOLOGY
In the table you can see the geometric and material properties for the smart beam; also we can change the feature 
and In this step we use the equation (1) to calculate (EI) eq . Then by using equations (4), (5), (6) and (7) [T,Q]=eig(K,M) Natural_Frequency = sqrt (Q) T is the Modal matrix. The first and second columns of the T matrix give us the 2 first modes of the beam respectively. We can see these 2 modes by using the following command: plot (V(1:2:end,1)) hold on plot (V(1:2:end,2)) By using the equations (20), (21) and (22) (15) Now we can form our system by using these matrixes and
Actuator

Sensor
apply an initial condition (initial displacement) with "lsim" function to draw the behavior of the vibrating beam. Model=ss(A,B,C,D) x0=zeros(4,1); x0(1,1)=0.01/V(end-1,1); [y,t,x]=lsim(Model,u,t,x0); By using the following MATLAB command we can change the Modal coordinate to the Physical coordinate. This is the displacement of the tip of the beam. Tipdis = (V(end-1,1)*x(:,1)+V(end-1,2)*x(:,2))*1000; Here output of the system (y) is the voltage of the sensor and we can draw it as follow: plot(t(1:4:end),y(1:4:end,1),'r') In this step we are going to design the controlling system in order to suppress the free vibration response and amplitude in a controlled manner. To achieve this task we must change the poles of the system in order to stabilize it. Due to this fact, we can implement the State Feedback method. The new model would become as follow: Ac = (A-B*Gc*C) Model_New=ss(Ac,B,C,D) Again we plot the behavior of the system with "lsim" and compare the results with the uncontrolled system.
In addition, some other kinds of controllers can also be used, for instance, PID, PI, ….
In PID controller we have 3 different gains ( K d, K I, K p ). We are able to set these gains in order to control both the damping time and vibration amplitude. step(sys_PID,t) If we want to compare the results which are obtained from the PID, PI controller and the initial system with each other, we have to plot them with a same MATLAB command, for example, "step" function.
IV. RESULTS
Here in Figure 1 we can clearly see the first and second vibrating modes of the beam. The red line indicates the first mode, while, the black one shows the second mode. Both these 2 figures begin from the origin but due to the fact that we eliminate w1 and Θ1, the first points have cancelled out. In Figure 3 we have compared the vibration of the cantilever beam with and without the controller. In this figure the red and the cyan lines include the controllers. We use 2 different types of Pole Placement method to control the vibration. In the first method we set a Gain for the controller, while, in the second one we enter the desired poles personally. The damping time and amplitude can be changed by choosing different gains and poles. So this method enables us to damp our system within the desired time. As you can see in Figure 4 , we compare the influences of PID and PI controllers on the vibration of the beam. It is obvious that PI controller (the green line) has the most effective role. We can reduce the damping time by changing the gains of the controllers. In conclusion we can say that we are able to successfully suppress the vibration of the cantilever beam using 2 piezoelectric patches as a sensor and actuator. We found out the Pole Placement method is an applicable way to eliminate the vibration of the beam in a controlled manner. On the other hand it is possible to implement Classical controllers, such as PID and PI to control the amplitude and time of the vibration.
